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(57)  Inone embodiment, front to back side alignment
optics are used to project a mark on the back side of a
substrate. The front to back side alignment optics are
arranged such that the image projected into the image
window of the front to back side alignment optics is a

Fig. 2
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translational replica of the mark on the back side of the
substrate. One potential advantage of such an arrange-
ment is that any slight inaccuracies in the location of the
optical axis do not result in inaccuracies in the image of
the substrate mark. The translational replica image can
be used for alignment of the substrate.
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Description

[0001] The present invention relates to alignment ap-
paratus and methods, especially as applied to lithogra-
phy.

[0002] A lithographic apparatus is a machine that may
be used to apply a desired pattern onto a target portion
of a substrate. Lithographic apparatus can be used, for
example, in the manufacture of integrated circuits (ICs).
In that circumstance, a patterning structure, such as a
mask, may be used to generate a circuit pattern corre-
sponding to an individual layer of the IC, and this pattern
can be imaged onto a target portion (e.g. comprising part
of, one or several dies) on a substrate (e.g. a silicon wa-
fer) thathas alayer of radiation-sensitive material (resist).
In general, a single substrate will contain a network of
adjacent target portions that are successively exposed.
Known lithographic apparatus include so-called step-
pers, in which each target portion is irradiated by expos-
ing an entire pattern onto the target portion in one go,
and so-called scanners, in which each target portion is
irradiated by scanning the pattern through the projection
beam in a given direction (the "scanning"- direction) while
synchronously scanning the substrate parallel or an-
ti-parallel to this direction.

[0003] Although specificreference may be made in this
text to the use of lithographic apparatus in the manufac-
ture of ICs, it should be understood that the lithographic
apparatus described herein may have other applications,
such as the manufacture of integrated optical systems,
guidance and detection patterns for magnetic domain
memories, liquid-crystal displays (LCDs), thin-film mag-
netic heads, etc. The skilled artisan will appreciate that,
in the context of such alternative applications, any use
of the terms "wafer" or "die" herein may be considered
as synonymous with the more general terms "substrate"
or "target portion", respectively. The substrate referred
to herein may be processed, before or after exposure, in
for example a track (a tool that typically applies a layer
of resist to a substrate and develops the exposed resist)
or a metrology or inspection tool. Where applicable, the
disclosure herein may be applied to such and other sub-
strate processing tools. Further, the substrate may be
processed more than once, for example in order to create
a multi-layer IC, so that the term substrate used herein
may also refer to a substrate that already contains mul-
tiple processed layers.

[0004] The terms "radiation" and "beam" used herein
encompass all types of electromagnetic radiation, includ-
ing ultraviolet (UV) radiation (e.g. having a wavelength
of 365, 248, 193, 157 or 126 nm) and extreme ultra-violet
(EUV) radiation (e.g. having a wavelength in the range
of 5-20 nm), as well as particle beams, such asion beams
or electron beams.

[0005] The term "patterning structure" used herein
should be broadly interpreted as referring to structure
that can be used to impart a projection beam with a pat-
tern in its cross-section such as to create a pattern in a
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target portion of the substrate. It should be noted that the
pattern imparted to the projection beam may not exactly
correspond to the desired pattern in the target portion of
the substrate. Generally, the pattern imparted to the pro-
jection beam will correspond to a particular functional
layer in a device being created in the target portion, such
as an integrated circuit.

[0006] Patterning structure may be transmissive or re-
flective. Examples of patterning structure include masks,
programmable mirror arrays, and programmable LCD
panels. Masks are well known in lithography, and include
mask types such as binary, alternating phase-shift, and
attenuated phase-shift, as well as various hybrid mask
types. An example of a programmable mirror array em-
ploys a matrix arrangement of small mirrors, each of
which can be individually tilted so as to reflect an incom-
ing radiation beam in different directions; in this manner,
the reflected beam is patterned. In each example of pat-
terning structure, the support structure may be a frame
or table, for example, which may be fixed or movable as
required and which may ensure that the patterning struc-
ture is at a desired position, for example with respect to
the projection system. Any use of the terms "reticle" or
"mask" herein may be considered synonymous with the
more general term "patterning structure."

[0007] The term "projection system" used herein
should be broadly interpreted as encompassing various
types of projection system, including refractive optical
systems, reflective optical systems, and catadioptric op-
tical systems, as appropriate for example for the expo-
sure radiation being used, or for other factors such as
the use of an immersion fluid or the use of a vacuum.
Any use of the term "lens" herein may be considered as
synonymous with the more general term "projection sys-
tem".

[0008] The illumination system may also encompass
various types of optical components, including refractive,
reflective, and catadioptric optical components for direct-
ing, shaping, or controlling the projection beam of radia-
tion, and such components may also be referred to below,
collectively or singularly, as a "lens".

[0009] The lithographic apparatus may be of a type
having two (dual stage) or more substrate tables (and/or
two or more mask tables). In such "multiple stage" ma-
chines the additional tables may be used in parallel, or
preparatory steps may be carried out on one or more
tables while one or more other tables are being used for
exposure.

[0010] The lithographic apparatus may also be of a
type wherein the substrate isimmersed in a liquid having
a relatively high refractive index, e.g. water, so as to fill
a space between the final element of the projection sys-
tem and the substrate. Immersion liquids may also be
applied to other spaces in the lithographic apparatus, for
example, between the mask and the first element of the
projection system. Immersion techniques are well known
in the art for increasing the numerical aperture of projec-
tion systems.
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[0011] Itmay be desired to correctly align the substrate
before exposing it, e.g. to ensure accurate projection of
the functional features. Conventionally this is achieved
using the apparatus shown in FIG. 2. Complimentary
alignment marks M4, M,, and substrate marks P, P, are
present on a mask and substrate respectively and an
alignment system is used to detect alignment. Examples
of alignment systems are a conventional through the lens
alignment system and also the alignment method and
apparatus described in co-pending European Patent Ap-
plication Nos. 02251440 and 02250235. A mark is com-
monly on the front side of the substrate, but could also
be on the back side of the substrate. Marks on the back
side of the substrate are used, for example, when expo-
sure is to take place on both sides of the substrate. This
occurs particularly in the manufacture of micro electro-
mechanical systems (MEMS) or micro opto-electrome-
chanical systems (MOEMS). When the substrate marks
P4 and P, are on the back surface of the substrate they
are re-imaged by front to back side alignment optics 22
at the side of the substrate W to form an image P; as
shown for P, in Figure 2 (P would be re-imaged by an-
other branch of the front to back side alignment optics)
of the accompanying drawings. The front to back side
alignment optics, together with the alignment system AS
are used to determine the relative position of marks on
the front side of the substrate to marks on the back side
of the substrate. This enables functional features ex-
posed on the front side of the substrate to be correctly
lined up with functional features exposed on the back
side of the substrate.

[0012] Using conventional front to back side alignment
optics a mirror image of the substrate mark is projected
into the image window of the front to back side alignment
optics. This mirror image is the image used for alignment
described above and therefore its position relative to the
actual position of the substrate mark must be accurately
known. In particular, the optical axis of the front to the
back side alignment optics around which the mirrorimage
is flipped must be accurately known. Any error in the op-
tical axis will result in twice the error in the measurement
of the substrate position.

[0013] Furthermore, due to the mirroring in the optics
the rotation of the image of a mark on the back side of
the substrate is opposite to the rotation of the front side
of the substrate. This can lead to problems during fine
alignment if not taken into account.

[0014] An alignment method according to one embod-
iment comprises providing a substrate having a substrate
mark on the back side of said substrate; forming animage
of said substrate mark; and providing an alignment sys-
tem for detecting alignment between a reference mark
and said image of said substrate mark using an alignment
beam, wherein said image of said mark is a translational
replica of said substrate mark.

[0015] A device manufacturing method according to
an embodiment comprises an alignment method as de-
scribed herein; providing a projection beam of radiation
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using an illumination system; using patterning structure
to impart the projection beam with a pattern in its cross
section; and projecting the patterned beam of radiation
onto a target portion of the substrate.

[0016] An alignment tool according to an embodiment
comprises a substrate table configured to hold a sub-
strate having a substrate mark; an alignment system con-
figured to detect alignment between a reference mark
and an image of said substrate mark when said substrate
mark is on the back side of said substrate using an align-
ment beam of radiation; and optics configured to project
a translational replica of said substrate mark arranged
on the back side of said substrate to form said image.
[0017] A lithographic apparatus according to an em-
bodiment comprises an illumination system configured
to provide a projection beam of radiation; a support struc-
ture configured to support patterning structure, the pat-
terning structure serving to impart the projection beam
with a pattern in its cross-section; a substrate table con-
figured to hold a substrate having a substrate mark; a
projection system configured to project the patterned
beam onto a target portion of the substrate; and optics
configured to project a translational replica of said sub-
strate mark when said substrate mark is arranged on the
back side of said substrate.

[0018] An alignment tool according to another embod-
iment comprises a substrate table configured to hold a
substrate having a substrate mark; an alignment system
configured to detect alignment between a reference mark
and a substrate mark when said substrate mark is on the
back side of said substrate, using an alignment beam of
radiation; and an optical system which allows optical
communication between said alignment system and said
substrate mark, wherein said optical system has a net
mirroring effect of zero, such that said alignment system
detects said substrate mark with an unchanged orienta-
tion.

[0019] An alignment tool according to another embod-
iment comprises a substrate table configured to hold a
substrate having a substrate mark; an alignment system
configured to detect alignment between a reference mark
and an image of said substrate mark when said substrate
mark is on the back side of said substrate, using an align-
ment beam of radiation; and optics configured to project
said substrate mark arranged on the back side of said
substrate to form said image, said optics having a net
mirroring effect of zero, such that said alignment system
is configured to detect said image of said substrate mark
with an unchanged orientation relative to said substrate
mark.

[0020] Embodiments of the invention will now be de-
scribed, by way of example only, with reference to the
accompanying schematic drawings in which correspond-
ing reference symbols indicate corresponding parts, and
in which:

[0021] Figure 1 depicts a lithographic apparatus ac-
cording to an embodiment of the invention;

[0022] Figure 2 depicts a front to back side alignment
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apparatus;

[0023] Figure 3a depicts a first embodiment shown in
the YZ plane;

[0024] Figure 3b depicts the first embodiment shown
in XY plane;

[0025] Figure 4adepicts a second embodiment shown
in the YX plane;

[0026] Figure 4b depicts the second embodiment
shown in the XY plane; and

[0027] Figure 5 depicts a third embodiment.

[0028] Embodiments of the present invention include
alignment methods in which inaccuracies due to optical
axis rotation are minimised.

[0029] Figure 1 schematically depicts a lithographic
apparatus according to a particular embodiment of the
invention. The apparatus comprises:

[0030] an illumination system (illuminator) IL config-
ured to provide a projection beam PB of radiation (e.g.
UV radiation or e.g. UV radiation).

[0031] a first support structure (e.g. a mask table) MT
configured to support patterning structure (e.g. a mask)
MA and connected to a first positioning device PM con-
figured to accurately position the patterning structure with
respect to item PL;

[0032] a substrate table (e.g. a wafer table) WT con-
figured to hold a substrate (e.g. a resist-coated wafer) W
and connected to a second positioning device PW con-
figured to accurately position the substrate with respect
to item PL; and

[0033] a projection system (e.g. a refractive projection
lens) PL configured to image a pattern imparted to the
projection beam PB by patterning structure MA onto a
target portion C (e.g. comprising one or more dies) of the
substrate W.

[0034] As here depicted, the apparatus is of a trans-
missive type (e.g. employing a transmissive mask). Al-
ternatively, the apparatus may be of a reflective type (e.g.
employing a programmable mirror array of a type as re-
ferred to above).

[0035] The illuminator IL is configured to receive a
beam of radiation from a radiation source SO. The source
and the lithographic apparatus may be separate entities,
for example when the source is an excimer laser. In such
cases, the source is not considered to form part of the
lithographic apparatus and the radiation beam is passed
from the source SO to the illuminator IL with the aid of a
beam delivery system BD comprising for example suita-
ble directing mirrors and/or a beam expander. In other
cases the source may be an integral part of the appara-
tus, for example when the source is a mercury lamp. The
source SO and the illuminator IL, together with the beam
delivery system BD if required, may be referred to as a
radiation system.

[0036] The illuminator IL may comprise adjusting
structure AM for adjusting the angular intensity distribu-
tion of the beam. Generally, atleast the outer and/orinner
radial extent (commonly referred to as c-outer and c-in-
ner, respectively) of the intensity distribution in a pupil
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plane of the illuminator can be adjusted. In addition, the
illuminator IL generally comprises various other compo-
nents, such as an integrator IN and a condenser CO. The
illuminator provides a conditioned beam of radiation, re-
ferred to as the projection beam PB, having a desired
uniformity and intensity distribution in its cross-section.
[0037] The projection beam PB is incident on the mask
MA, whichis held on the mask table MT. Having traversed
the mask MA, the projection beam PB passes through
thelens PL, which focuses the beam onto a target portion
C of the substrate W. With the aid of the second posi-
tioning device PW and position sensor IF (e.g. an inter-
ferometric device), the substrate table WT can be moved
accurately, e.g. so as to position different target portions
C in the path of the beam PB. Similarly, the first position-
ing device PM and another position sensor (which is not
explicitly depicted in Figure 1) can be used to accurately
position the mask MA with respect to the path of the beam
PB, e.g. after mechanical retrieval from a mask library,
or during a scan. In general, movement of the object ta-
bles MT and WT will be realized with the aid of a
long-stroke module (coarse positioning) and a
short-stroke module (fine positioning), which form part of
the positioning device PM and PW. However, in the case
of a stepper (as opposed to a scanner) the mask table
MT may be connected to a short stroke actuator only, or
may be fixed. Mask MA and substrate W may be aligned
using mask alignment marks M1, M2 and substrate align-
ment marks P1, P2.

[0038] The depicted apparatus can be used in the fol-
lowing preferred modes:

[0039] In step mode, the mask table MT and the sub-
strate table WT are kept essentially stationary, while an
entire pattern imparted to the projection beam is project-
ed onto a target portion C at once (i.e. a single static
exposure). The substrate table WT is then shifted in the
X and/or Y direction so that a different target portion C
can be exposed. In step mode, the maximum size of the
exposure field limits the size of the target portion C im-
aged in a single static exposure.

[0040] In scan mode, the mask table MT and the sub-
strate table WT are scanned synchronously while a pat-
tern imparted to the projection beam is projected onto a
target portion C (i.e. a single dynamic exposure). The
velocity and direction of the substrate table WT relative
to the mask table MT is determined by the (de-)magnifi-
cation and image reversal characteristics of the projec-
tion system PL. In scan mode, the maximum size of the
exposure field limits the width (in the non-scanning di-
rection) of the target portion in a single dynamic expo-
sure, whereas the length of the scanning motion deter-
mines the height (in the scanning direction) of the target
portion.

[0041] In another mode, the mask table MT is kept es-
sentially stationary holding a programmable patterning
structure, and the substrate table WT is moved or
scanned while a pattern imparted to the projection beam
is projected onto a target portion C. In this mode, gener-
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ally a pulsed radiation source is employed and the pro-
grammable patterning structure is updated as required
after each movement of the substrate table WT or in be-
tween successive radiation pulses during a scan. This
mode of operation can be readily applied to maskless
lithography that utilizes programmable patterning struc-
ture, such as a programmable mirror array of a type as
referred to above.

[0042] Combinations and/or variations on the above
described modes of use or entirely different modes of
use may also be employed.

[0043] The lithographic apparatus further comprises
front to back side alignment optics 20 as shown in FIG.
3a. The front to back side alignment optics comprise mir-
rors 21, 22 arranged at 45° to the surface of the substrate
to direct a radiation beam along the front to back side
alignment optics. Front to back side alignment optics 20
also comprise optical elements 23 and 24 which in this
example are lens elements having a combined mirroring
effect. However, any optical elements capable of focus-
ing and projecting an image of the substrate mark P, and
having a mirroring effect could be used.

[0044] Fronttobackside alignmentoptics 20 also com-
prise a prism 25. As can be seen from Figure 3b the
alignment beam enters the prism at an angle of approx-
imately 45°. The alignment beam is then reflected from
another surface and is transmitted from the prism 25 at
an angle of approximately 45°. As can be seen from Fig
3b the surface from which the alignmentbeam s reflected
is perpendicular to the substrate table and substantially
parallel to the overall direction of propagation of the align-
ment beam. The prism 25 therefore has a mirroring effect
and a translational replica image 27 is formed near sub-
strate W. Again, other optical elements having a mirroring
effect may be used, but a prism has been found to be
particularly suitable.

[0045] The substrate W has a mark 26 which has mirror
symmetry. The substrate W is initially positioned with the
substrate mark 26 on the front side i.e. facing the projec-
tion system PL. An alignment apparatus 28 is then used
to detect the exact location of the substrate W (e.g. within
a measurement error) and the exposure of the front side
of the substrate W then occurs. The substrate W is then
turned over and arranged such that the substrate mark
26 is in the object window of the front to back side align-
ment optics. An image of the substrate mark 26 is pro-
jected through front to back side alignment optics and
into the image window of the front to back side alignment
optics. Alignment system 28 detects the image of the
substrate mark 26. As the image to object vectoris known
the location of the substrate mark is known and exposure
of the other side of the substrate (i.e. the side of the sub-
strate on the front side - now facing the projection system
PL) occurs. In such manner, the functional features ex-
posed on one side of the substrate W are may be accu-
rately aligned with the functional features on the other
side of the substrate.

[0046] Inthe particularexample above, the same align-
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ment system 28 is used to detect the location of the same
substrate mark when it is on both the front and back sides
of the substrate. However, if the substrate mark 26 does
not have mirror symmetry the alignment system 28 may
not be able to detect the substrate mark 26 when it is on
both the front and back side of the substrate, as the image
of substrate mark 26 displayed in the image window of
the front to back side alignment optics 20 is a mirrorimage
of the substrate mark when it is on the front side of the
substrate (the mirror symmetry results from the substrate
being flipped over).

[0047] There may therefore be a second substrate
mark at a known displacement from the first substrate
mark 26. The second substrate mark would be a mirror
image of the first substrate mark. One of the substrate
marks would therefore be used when aligning to the front
side of the substrate and the other when aligning to the
back side of the substrate. Alternatively, different align-
ment systems may be used for the two alignments or the
same alignment, but using different reticles for the two
alignments. However, such solutions may be cumber-
some and may introduce additional errors.

[0048] Although the example used here is of a sepa-
rate alignment system 28, the alignment system may be
a through-the-lens type alignment system and thus com-
prise part of the projection system PL.

[0049] An embodiment as described herein may be
implemented such that the accuracy of the alignment is
no longer dependent on the accuracy with which the op-
tical axis is known. Such an implementation can also im-
prove substrate throughput, e.g. by avoiding a need to
align the substrate table to the reticle comprising the ref-
erence mark to determine the exact location of the optical
axis. The reticle can simply be aligned to the substrate.
However, it may be desirable or necessary to know the
approximate location of the optics used to project the
translational image, e.g. to implement any correction fac-
tors.

[0050] The term translational replica is not intended to
imply that the image of the substrate mark is the same
size as the substrate mark, as some magnification or
demagnification of the image may occur. Instead, the
term translational replica should be understood to mean
that the spatial information that comprises the mark (i.e.
the relative locations of different parts of the mark) is
substantially unchanged in the image. An alternative way
of understanding the term translational replica is that
movement of the substrate mark in a particular direction
will cause the image of the substrate mark to move in the
same direction.

[0051] The translational image is thus notinverted and
not a mirror image. Alternatively the image could be in-
verted twice (or any even number of times) such that the
final image is not a mirror image.

[0052] An embodiment as described herein may be
implemented such that the rotation of the image of the
substrate mark is equal to the rotation of the substrate.
A potential advantage of such an implementation is to
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avoid problems encountered during fine alignment.
[0053] For simplicity the translational replica image
may be in the vicinity of the substrate. For example, the
image of the substrate mark may be preferably provided
by projecting an image of the substrate mark through
front to back side alignment optics. The front to back side
alignment optics typically do not have a mirroring effect.
[0054] In some implementations the image of the sub-
strate mark is a translational replica of the substrate mark
when the substrate mark is on the back side of the sub-
strate, such that it will be a mirror image of the substrate
mark when the substrate is arranged such that the sub-
strate mark is on the front side of the substrate. It is pos-
sible that the alignment system cannot necessarily align
to both a mark and the mirror image of the mark. There
may therefore be a second substrate mark on the sub-
strate which is a mirror image of the first substrate mark,
with a displacement between the first substrate mark and
the second substrate mark being known. The second
substrate mark can be used to detect the location of the
substrate when the substrate is arranged such that it is
on the front side of the substrate, and the first substrate
mark is used to detect the location of the substrate when
the substrate is arranged such that it is on the back side
of the substrate. It may be desirable to provide the first
substrate mark and second substrate mark on the same
side of the substrate. Alternatively, or additionally, the
first substrate may have mirror symmetry such that, for
example, it may be detected when it is on both the front
or back side of the substrate.

[0055] It may be desirable for the optics to project the
translation replica image in the vicinity of the substrate.
The lithographic apparatus preferably also comprises an
alignment system for detecting alignment between a ref-
erence mark and the translational replica of the substrate
mark using an alignment beam of radiation.

[0056] Another embodiment is the same as described
above except in the aspects detailed below and shown
in FIG. 4. The arrangement shown in FIG. 4 does not
form animage of the substrate mark 26, butinstead relies
upon the alignment system 28 having sufficient focus
depth that it can detect the substrate mark via an optical
system 31. The optical system 31 comprises mirrors 21,
22 which correspond to those in the embodiment de-
scribed above, and a glass rod 32 which is provided with
a silvered uppermost surface 33. In this example, the
glass rod is rectangular in cross-section.

[0057] Sincenolensesare presentinthisembodiment,
the optical system does not cause mirroring about the Y
axis. However, the mirrors 21, 22 cause mirroring about
the X axis. This mirroring is reversed by the silvered up-
permost surface 33 of the glass rod 32, which acts as an
additional mirror. This allows the alignment system to
detect the substrate mark 26 with an unchanged orien-
tation. In other words, the net mirroring effect of the op-
tical system 31 is zero.

[0058] It will be appreciated that it may not be neces-
sary to provide the glass rod 32 with a silvered uppermost
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surface, as instead total internal reflection from the
boundary between the glass rod 32 and its surroundings
could be used. In an alternative configuration the glass
rod 32 may be replaced with an appropriately placed mir-
ror (not shown).

[0059] The optics may comprise a reflecting prism with
a reflecting surface parallel to the overall direction of the
alignment beam and perpendicular to the substrate table.
In one implementation, a reflecting prism is added to a
conventional front to back side alignment optics. Thus
the reflecting prism is often used in conjunction with a
mirroring imaging system. In another implementation, an
additional mirror is introduced into the optics. The mirror
is preferably parallel to the substrate table. Such an ar-
rangement may be used in particular in conjunction with
a non-mirroring imaging system.

[0060] In a further embodiment, there are additional
frontto back side alignment optic branches perpendicular
to the first front to back side alignment optic branches as
shown in FIG. 5. In this embodiment conventional front
to back side alignment optics may be used i.e. without
the additional prism 25 or mirror 32 described in the em-
bodiments above. The front to back side alignment optics
45 with a longitudinal axis in the y direction give an ac-
curate measurement of the position of the substrate in
the y direction but may have an error in the x direction
due to inaccuracies in the optical axis position. The front
to back side alignment optics 40 with a longitudinal axis
in the x direction give an accurate measurement of the
position of the substrate in the x direction but may have
an error in the y direction. By combining the accurate
location in the x direction and the accurate location in the
y direction the exact location of the substrate can be cal-
culated.

[0061] Although the example depicted in FIG. 5 has
four front to back side optical branches, in some appli-
cations it may be sufficient to provide fewer branches
(e.g. two: one with a longitudinal axis in the x direction
and one with a longitudinal axis in the y direction).
[0062] While specific embodiments have been de-
scribed above, it will be appreciated that the invention
may be practiced otherwise than as described. In addi-
tion, embodiments also include computer programs (e.g.
one or more sets or sequences of instructions) to control
a lithographic apparatus to perform a method as de-
scribed herein, and storage media (e.g. disks, semicon-
ductor memory) storing one or more such programs in
machine-readable form. The description is not intended
to limit the invention.

Claims
1.  An alignment method comprising:
arranging a substrate in a first orientation such

that a mark on the substrate is on the back side
of the substrate;
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while the substrate is in the first orientation,
forming an image of the substrate mark; and

detecting an alignment between a reference
mark and said image using an alignment beam,

wherein said image is a translational replica of said
substrate mark.

The alignment method according to claim 1, wherein
said image is in the vicinity of said substrate.

The alignment method according to either claim 1 or
claim 2, wherein said forming an image includes pro-
jecting the image through front to back side align-
ment optics.

The alignment method according to any one of
claims 1 to 3, wherein the substrate includes a sec-
ond substrate mark, said second mark being a mirror
image of said first mark.

The alignment method according to claim 4, wherein
said second substrate mark is on the same side of
the substrate as said first substrate mark.

The alignment method according to either claim 4 or
claim 5, said method comprising arranging the sub-
strate in a second orientation such that said second
substrate mark is on the front side of said substrate
and aligning said substrate while in the second ori-
entation using said second substrate mark.

The alignment method according to any one of the
preceding claims, wherein said substrate mark has
mirror symmetry.

The alignment method according to any one of the
preceding claims, wherein in said first orientation a
radiation-sensitive layer is on a side of the substrate
opposite the back side.

The alignment method according to any one of the
preceding claims, wherein said translational replica
is not inverted.

The alignment method according to any one of the
preceding claims, wherein the reference mark is pro-
vided on a reticle.

A device manufacturing method comprising:

arranging a substrate in a first orientation such
that a mark on the substrate is on the back side
of the substrate;

while the substrate is in the first orientation,
forming an image of the substrate mark;
detecting an alignment between a reference
mark and said image using an alignment beam;
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and

subsequent to said detecting, using patterning
structure to impart a beam of radiation with a
pattern in its cross section and projecting the
patterned beam onto a target portion of the sub-
strate,

wherein said image is a translational replica of said
substrate mark.

An alignment tool comprising:

a substrate table configured to hold a substrate
having a substrate mark;

an alignment system configured to detect align-
ment between a reference mark and an image
of said substrate mark when said substrate mark
is on the back side of said substrate using an
alignment beam of radiation; and

optics configured to project a translational rep-
lica of said substrate mark arranged on the back
side of said substrate to form said image.

The alignment tool according to claim 12, wherein
said optics is configured to project said translational
replica image in the vicinity of said substrate.

The alignment tool according to either claim 12 or
claim 13, wherein said optics comprises a reflecting
prism.

The alignment tool according to claim 14, wherein
said optics comprises a mirroring imaging system.

The alignment tool according to any one of claims
12 to 15, wherein said optics comprises a mirror.

The alignment tool according to claim 16, wherein
said optics comprises a non-mirroring imaging sys-
tem.

A lithographic apparatus comprising:

an illumination system configured to provide a
beam of radiation;

a support structure configured to support pat-
terning structure, the patterning structure serv-
ing to impart the beam of radiation with a pattern
in its cross-section;

a substrate table configured to hold a substrate
having a substrate mark;

aprojection system configured to project the pat-
terned beam onto a target portion of the sub-
strate; and

optics configured to project a translational rep-
lica of said substrate mark when said substrate
mark is arranged on the back side of said sub-
strate.
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The lithographic apparatus according to claim 18,
said apparatus comprising an alignment system con-
figured to detect alignment between a reference
mark and said translational replica of said substrate
mark using an alignment beam of radiation.

An alignment tool comprising:

a substrate table configured to hold a substrate
having a substrate mark;

an alignment system configured to detect align-
ment between a reference mark and a substrate
mark when said substrate mark is on the back
side of said substrate, using an alignment beam
of radiation; and

an optical system configured to allow optical
communication between said alignment system
and said substrate mark,

wherein an image of said substrate mark as re-
ceived by the alignment system has substantial-
ly the same orientation as said substrate mark.

The alignment tool according to claim 20, wherein
said optical system has a net mirroring effect of sub-
stantially zero.

The alignment tool according to either claim 20 or
claim 21, wherein the substrate table is configured
to support the substrate at the back side.

An alignment tool comprising:

a substrate table configured to hold a substrate
having a substrate mark;

an alignment system configured to detect align-
ment between a reference mark and an image
of said substrate mark when said substrate mark
is on the back side of said substrate, using an
alignment beam of radiation; and

optics configured to project said substrate mark
arranged on the back side of said substrate to
form said image, said optics having a net mir-
roring effect of zero, such that said alignment
system detects said image of said substrate
mark with an unchanged orientation relative to
said substrate mark.
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